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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect element, a magnetic memory, a 
magnetic head, and a magnetic reproducing apparatus 
capable of maintaining high enough magneto-resistance 
ratio and preventing increase of inverting magnetic 
field even for reduced size. 

SOLUTION: The magnetoresistance effect element 1 
comprises: a first ferromagnetic layer 3 for keeping a 
direction of magnetization prepared for no application 
of magnetic field in the prescribed magnetic field; a 
second ferromagnetic layer 4 capable of varying a 
direction of magnetization prepared for no application 
of the magnetic field in the prescribed magnetic field; 
and a first tunnel barrier layer 6 lying between the 
first ferromagnetic layer 3 and the second ferromagnetic 
layer 4. The first ferromagnetic layer 3, the first 
tunnel barrier layer 6, and the second ferromagnetic 
layer 4 form a ferromagnetic tunnel junction, a 
composition of the ferromagnetic material included in 
the second ferromagnetic layer 4 is expressed by a 



general formula (CoFe)IOO-xYx or (CoFeNi)100-xYx, and 
the Y is at least one element selected from the group 
consisting of B, Si, Zr, P, Mo, Al, an Nb. 
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(57) [Kftl 

BS^e^iltSr^LjaoSte^WiaASrKit LH5« 

u & i ©sasstig 3 , mi<oh^*;i-mmm4. rip 

% 2 <D%mteM 6 ttttttte h :"*yi**fc»rit U ?g 2 
«©»«tSfeJl6k:^4n5»»tt*lls|-«>ia^H:-«:* (C 
o F e) ioo-xYx4fcli— fJS: (C o F e N i ) ioo-x 
YxT**$lx x huIEYIIB, Si, Zr, P, Mo, A 
I, & t*N b ri^ mm it, 11© 




(2) 
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lit** 1 1 mi£<D9mwm\^ei\. ^xmwmmtikn 
i <r>mm\m t mmm 2 <D&m&mt ©mu^sei-** 
misss 2 o»«^K**ns3i»Hfe*m©»attHR 10 

5£ (CoFe) 100-x Yx^fcll— (CoFeNi) 
ioo-xYx-C*$tt, WISYttB, Si, Zr, P, M 
o, Al, St/Nb7i^/S5l¥J;t)^«ti-5'>/j:< ti> 

[If 2 J WIS x tt*** 3^x^16 

iis*«3j m%sM2<Dmmm(Dmm\±o. 3nm 

ttM/jsgfjfE^ 1 (o ^*,vf$mm t iftriESS 2©h >-*/w 
ism 1 rims 2<ob ^/^msm^msss 1 <r>mn\m 

(n^s] ai**i75SBi*9i4<ov^i-n*»igifc 
Ay-e^n-rsm 1 &t*s& 2 ogaM t ^ Affl-rs r t 

llf*3S6] »**i7J£»#*4©V"-r*u»»i«l:: 

m 1 75Sif *^ 4 cov ^-ftUTi^ 1 JSKfE*etf>fl£$s;S#t 
K, St*. 

e. 

UE9!«>fMll&K9l] 50 
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[0 0 0 1 J 
[0 0 0 21 

Jf Sr— b-C^ LTV » -5. 

[0003] 3&BJEt£— S h V^/UgrS-KJj^T. h >^ 

StSSb* (magnetoresi stance effect) ft, 3&ffi£ttgfHJ-C 

5„ *fc. -t*b?>»BW4Ji«>»fk*'^*si:t»K:J||i©*- 
5. 

[0004] ^cDi? 3fe^tt-fi h >"^/^-$-W:. « 

y : mr am) <n**v j t;i'i:vxmm-rz^ ttf&m 

[0005] MR AMti, ^*&5(C(i^»5gtt-efo 9 , 

*RteS-t£«*>.::&SM:«», 0fiB, RISK*, 

[0006] 7^ — SWSte^ll 1 /W (W : ir/KD 
♦I) (=tfc«LTV^ e C05Rte«»tt, 7y-jf 

co^jf: t st^tafn^-ftiMs «c t>hfcfi»j-r -5 r t bftx 
v^5. i~4*3*>. 7!J-I©seiiiit -Ms/w»r 

CTL-Ci/^<7?t4, -7 !)— m<vmikJjfa$:kfe£ltXMR 
AM-fe/HciE«**tfcttf*BSr**»^5fc*»=tt s 7!) 
- /I SB I z ± C 5 K 5r ± El ^> KUmm 5r ep^D -f 5 & 



3 

J: o X t> £> $ *V3 fcfe-Cfc So 
10 0 0 7] ±fBtfc«B8«*»t>W5>*»«:J:5K:, 

■*ftiiJ:v\ t,a»bfcas& s BS)¥tSr»< Ufc^g-. * 

[0 0 0 8] Sfc, **ei)±/l'(D-f4X*ffi'hl,tzi§r& 
[000 9] -r/£tpt>. Skfc&ffi-Cli, ^^!J -fe/K73-^ 

mm— & h ^-^&-&%Mm u^em— y Kiw^-ct 

[00 10] 

iftmtm&L*. o t-rz>wkm\ -tier-ms 

[0011] 

i-, *&w\±, m^:<D^ummz^^xmf&^umm<o 
t. ffi^nm^\z&\,^XfftmKnmm<D}mmmcffi 

1 <»%m&m t mm% 2 <D?mmm t <r>mz^-r^ 
i<Dh ^z-^m-mm t u mies? 1 <D%mtm. 

StrfS^ 1 CD h >^/M!$gJI, St/WIBm 2 <D&attJltt 

£ft5^t£#**<D;|SA£fi— jK^S (C o F e ) 100-xYx 
Sfcli— (CoFeNi) ioo-xYxT*«$n. SfliE 
YliB, Si, Zr, P, Mo. Al. RtfN b rt^-fc 
58*1 t>2St*h,-5'>#< fcfc 1 m<05xMX'1b*>Z\ k 5r# 

[0 0 12] *5BWtt. ffiKflHM&ftSb**?- 

2 £ Sr fttti" h Z. t &mk t * y $r« 
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[0013] £p>tr % *5£m\±. mmBmim&jmm* 

[0 0 14] An;tT. BS&iE»g£fl:. ItTCBt 

mzttvxtett&mmtz&wmmzMffi-rz z.k%& 

[0015] *^!^JCJ3Vn-C, ±f5x »i^F^3 ^ x =g 
niCJSlvC, *2<7?3S^ttS(D)«J?l4 0. 3nm75M 
[0016] *3S9iK:Jo^T, ±IE^tt lis*jvm& 

3 ©^14^^:^ 2©h ^/HXOWtt. IB 2 
tt^i55 2 h y*yHWtBI:^S Ulof 2 <D5&S£ 

ttixu ; 2 -co k ^/i^mtmtm 1 xvm 3 <D5tmti 

[0 0 17] 

[0018] E 1 11, *3£W<vm 1 oSHBBffiicffiStt 
^tffietSbSSI^SrWeWte^iJffaBBI-efcS. ill:* 
-T»»ffi0t«i*ilf^- 1 (i, 3S®tt— fi h 2 a 

Sr*-LTVN5„ fihV^S^g-2 a tt, — 

M©»fflti 3 . 4 R0£i61Kfl:& i:*?)^ ^/H» 

h ^^S^ 2 a 11, -t^ 3 , 4ffl&b 

[0 0 19] SiBttl3 0S^4H$Si6i:8t5I 

(ommat. R%m&m8tfwmzixx^5> Q mta 

9, 3S«tt)S 3 WJK-fk^jBUl, ^gW&^SrtfMB t> 
'S-fk-f 5: tii<ev\ 3*«ffli4»flWfcfirift]tt. 

Hi tc^-f amffitit^^ 1 tcisv^T, 

S3inK<t*i"jjis@^*ix^i (r>mmm, mm. m 
itmmm. x&><9, %m&m4&f\-Mmmzfccxmit 
J7fatfmtu§z>m2<n%g.m\m, mm. yv-m, x- 
50 mw-tixt£, a 1 1 «, 
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[0020] _hi& Lfc$&8tt£-fi h 2 a 

H3£BSf4Ji 8 (4. S« 1 0 #CD3Effi_Bc. # 

isi <om\tt. msv< yrn lstraaipjaiij^ i 2 

«1 0{W^bJlK&«;f $nT*3!>, 3*at^4J:»C 
14. rif 1 3SD«lil 4/45Jili>cS{^$iXTV^^ (> 

1002 1) 0 2 14. *&W<Dm 2 ^Slife^ffi^sa 

ttfc> 13 fr&SStt ~S h 2 b Sr W UT •? Io 

3Sai4-Jt h 2 b b$mm 13t $ h 

iz&mmi&m 9 5r*r utv ^ r. t ^ttia 1 tc^-ras^ 

[0022] El 2 \Z^-fM$m.fo&}3km z f- 1 K*JV »-c, ' 

6 3rrft-£E$i*\ 3HB£^4, 5WtFy* 

K V^/Mg-g- 2 b 14. 3 , 4 

14, 5KSr hV^/HSeMM6, 7 £rfl-bT h V^M-^ 

[oo23] ei 2 {CTfrrmm&tfim&m* 1 k*s 

wc, 3*^tt^3trg|UTIttWbfcOi:^(-. mmk 

tzmntmmmxfoz* m 2 ^^-r^ffifeta*^ 1 

(4lH]te$-a:-C3Ss^tt^3, 5W^[l*[Sli^mtt^4W 

[O0 2 4] $T. JhiBUfc»lS:0«»2^JS^S{r 
#>5^«efet^)*lgT 1 14. ^mtm 4 SrKTlctftBJ-f- 

1 RUtm 2 ^^i-^mefet^ti**^ 1 Kfcwc. 
M4COffifig;i4. — «5a: (CoFe) ioo-xYx*fc(4— & 
5£ (CoFeNi) ioo-x YxT-^tl^,, ^rtvb 
— flSljtUlioV^X. YI4B. Si, Zr, P, Mo, A 

I, &T*NbA>b#5i¥±?>;iMtfix5^/j:< tt. ISO 
5c*T*fc?>o 4fc. x!47F^0<x< 1 0 O^SSi" 
5#CflET?fo 9 , L< (4, ^5£3 < x < 1 6 &m%. 

■rz>m&xhz>„ 

[00 2 5] ^ixh— A£5£K^-rW|Sfl4, iiY^tt 

u x - 1 um*mm*>mi$.*:m-rzwnizit'<x 
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1 W^XSr^/Jvftufc^- (j£vM4. !£iSH£g4 0tI 

10 wtet#5„ 

[0026] ia 3 j4, i rt/^ 2 <Dmw&m 

^tezmmsmfozkm* 1 4 to* 

%Wnmk^t<Dm&<D—m**rry7?X'tbz> a ;w 
^7 7ii, — ^ (CosFe) loo-, Bx.r^-rmgKSr 

m bS.off $ 75? 1 n m^^tt® 4 SrfflV ^fc«$C«gtg!l 

•3 , «tMr±HHttttj| 4 * cob wit«ir*as-t-s iiie-as 

5£*coxS:^U fKMNLttiK^L^ft:* (%) Sr^UT 

20 [0027] m.m.Tx-tom'fiiVfsmxmx'ti.. b 

KB{4-ti:VM?V>l . 5 nmtlffcS, CojFeg))^ 
4^^4^^aT^33^t^.^®^45:^v^, WtfrK*i*sjfe* 

[0 0 2 8] Co9Fel:BSrttt5 
iO i:, ^J¥0. 5 nm^K*T*»4Jl^$r^-rsr tfc 
-etr, 01J^(4, Mi¥^l nmtfcSS^tli, EI3{^ 
•fiptr, x=Sr37!»Ml 6 i-T^r t(c4 *) 1 0%WJb 

"f-5 r. t td ± D 2 0 % t, <DM^.m.tt.mtm* 

[00 29] #*J, H] 3 IC^-r^— ^ (4. 5£*Y t tT 
TSi, Zr. P. Mo. A 1 . JWN b ?:^D Lfc*§ 
40 [00 3 0] TC^YSr^ADLfc^l^^fcT^^a^m 

tOiC^^V^J4^»iJ4itl5E«je*{C!ffl?ti,-5fciit>^S-(k*s 

«• S l43£8£f£fls:T?fc 5 let, BH ^ t> -f (DMitXfa *m h 
50 «fit*ft**s*b<(S<*503-e*>5 o 
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I 0 0 3 1 ] 03m x^5S:j@itiiDt5 

91 ^ t £ *VCV ^ STCftft V \&S tc^ Y ^S«*5S5 < 

[0 0 3 2] £JLhtft9ibfcJ:5lw % ±|B— ^:(c^-r*t 
K <t t> . HmttSQAJIlgieT- 1 (DM X&»/Wb ufc» 

[0033] ±3fiufcat*ffifia*«K* i casv *t\ m 

MUM 3 , 5 Sr*j*-*-5 *mtt«rfc«»Stt5 to^tt 
fc<* 09x.ft. ^n^KttflSixSN i Fe^t 
F e. Co. N i , 2tt*tixbS:^i>&&> NiMnS 
b. P t M n S b ^ i ? ^ 7^^4 

fe£©BMt4MR*V^ -7*9^ T^fis? 
<DU* <0«tW**m*»&. C o P t FeP 

[0 0 3 4] *fc % Jd«Ufc«W«»aWlt3l»llc*v^ 
Tv S^«tt®8, 9 ft. *ix-pn. 3iltti3, 5t 

ft. FeMn, I r Mn, PtMn. Ni Mnfciftf>K 
SHKtt^ft-^N i O. F e 2 Oa * if tf>K»SH4*mj&>b 
#53flKlw*0X.> Co/Ru/Co, Co/Au/Co 

[oo35] h ^^msm 6 , 7 tth^eth, %m 

It AU Si, Mg, ^zHStuH. StJ^^ixb^Tc^ 
Sr^tr ^&<omcm* tz tt»fc*4 if Sr^ w ^> r t -e 

ffi^jflltT- 1 o*H4ft, ^rVy't^Bt^iS^iS 

[0 0 3 6] ±Ea«ttfitab*SlW- 1 fc:*51^T. 1 

±l^t5tt»/<y7Sl lttl£»S:WCfc*<Ot>(0 
■C*>9, -tOWfti: LTft. 01;ttf* Ta, TaPt, 
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T i , T i Nx. RXfCoS izmZm^^ZtfcX+Z 

*o im'<9TM±\zjetifrzmft#mm i 2 ft, j^a 

ifcif^fcD. Witf, Ni Fe % Cu, Ag, WAu 
EiiM^^tTH ix.ff, AK Cu, A 

[0037] &tc % ^ i at/* 2 <ommmm\^^m^ 

[ 0 0 3 8 ] El 4 ft, 43S9!<D£ 1 SI 2.4>|OlBMi 
Kff 5^«t(B»*srp i SrJBi*fc««y * y (MR A 
M) Sr«»&ttfc*-r-BfffiH-e*>*« ■ 05ft, 04 

l£ TjkTM R "C 6 o 

[0 0 3 9] a4IOTtMRAM2 1 11^5 3^2 

4^»^SnT*3 9, ^j3yi«2 2©*IS(jl: 
ft, ~cr>y- hm@2 4 Sr^tf J: 9^bTy— ^ • KU 
^^2 5, 2 6^^Si^-cv^5 0 rtLfC^t), M 
20 OS h7V^^ 2 3;*S«J*$;h/rv^ **5 X h 

tt2 4it, m&mvmw-h^sc ^ cwld «:« 

SttV^, ^^d. !7-K7^V (WH) 2 4±{C 

ft> l6SyR'2 7^ttf#^(D7- Kr-f v (w 

L2) 2 8 2S^J*£*L-CV^ 0 

[0 0 4 0] MOS h7^^ 2 3(DKKyi«2 

=1^9? b*9sis2 9<D«m\a±Tmm3 o^sn 

TV^o C^Tife^ 3 0_htO?7— K^-f>- (WL2) 2 
8^^-r^ffiS^ft5SmttH^yu»^3S^ (TM 
50 R) 3 1«Snt*5D\ $?>^, TMR3 1 ±{Cft 
tf > h^>f V3 2^J*$tb-CV^ 0 
[0 04 1] MR AM 2 1 coir/uft. K±OJ:5^UT 
«J*^nrv^^ 0 4*5. H4lC*tTMR3lMT« 
M 3 0 ft. MTLYi , 01 Rt^B 2 fc5*r««««a&** 

^ i sffi i o . ^sjf i 3 . szmm 1 4 . Rim 

mm 1 SftifSrBftv^fcfltiS^fta-rs. 
[0 0 4 2] Jhi£bfcMOS h^^^X^ 2 3 ^TMR 

40 mmx-3bzmfritiism<o7— y?*^ (wl d 24 

i:> f^^O^-K^V (WL 2) 2 8tlt¥ff 

^■aastLtv^o tmr 3 1 <o±mzm$L^ft 

tzt~<y Y^-ll/ (BL) 3 211. 17— K^-f > (WL 
1) 2 4SU«!7-K7^y (WL2) 2 8 ^1:^5 J: 

[0 0 4 3] C(7)MRAM2 1it ^1&^2C0||J£ 
50 lhi-5r.<t^T^5o i-fth>-t>. :OMRAM2lT' 
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100441 ftfc, MRAM2 1l^^ttt, h^v? 

K7^ y 2 4 Kt TMR 3 1 t 

!7-K9^V24i:B:^-rS<i:5^tr-/h7^>-3 23: 
^ttt)MRAM2 1 Sr#5lt^#5o 
[00 4 51 JfcKl, » 1X1595- 2 0*tt»ttfc«SBt« 

v-3^4 3 CD— 9 ttft ^*VC*S 9 . I^X^^^a 

V^ 0 -b* Ufcfg 1 &Z?m 2 <D2gtt^flBl£{R£M^ 

1 M:, K^9-Y^4 4JC|a^5i*Jxfc 20 

[0 .0 4 6 1 i^^-O-v-a >-4 3±^i^fa^-<7>»#iA^ 
X^fc^^ffl^y — K^4 5^^§ttT*3»9. Ctb 
bU-K»45|j:-.yK^7^^44 Ui»34&S*L*:« 

r-tr^xy 4 i K^LTv^5o 
[00471 z:<Dm^iy Krtyyy 4 i r± x m*- 

ftjfiEft-efcSBS^tx^ 5 2^lfXK/^5 3{C[Eie 

5 2<OIsieS:©J»*sjtBfc UTV^ 0 
[004 8] ^ ^^52 CDRJ^gBffi^UlteH^tt 

5 4#Eg$*L-C*39, ^OHJgttS 4tt. ^(D±T2 

TB6l:«tSBS^y KT-tr^Xj) 4 1 SrMSb^fg^X 
f?L-CV^o JK«^<sy KT-fc^XjJ 4 1 <Di£}f^WZJ& 

* 5 5 Sr«/?fcL-Cl^5 0 IO/J?>{^=t^;u^ 5 5iC 

iot, > KTty^y 4 1 co5fe*g<o^5/ 

*f ^4 4 Sr. ^t^^S 2<^)gFfSO h^y^Jb— i: 
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5 2St[hI^^^:T. K^7^^4 4 5:^f 
^^^5 2^fei?Ji$-e:fc*t«it?ff 5o 
[004 9] ©Lk«>J:5ic, ft 1 Rztm 2 <omMmm\z 

-e#5 0 JSlAVJB2 0|B^«^«S«i5jstt 

[0 0 5 0] 

#JJWK^«£r 2X1 0- 7 T o r r 0171^1, 

gfrtl^A r Sr^AUTH^*: 2Xl0" 3 t Lfc c 
JfcV^ Si/Si O2S«10(D-^±illl, 
S5nnK©Tad^45a»^!l7il Kf§15n 
m<DN i F e^?>/£5ElRl»J»S 1 2. Jp:£ 1 7 nm<D 
I r zzMniBfrbttZRffi&i&m 8^ RTfmZ 3 nmCO 

[005 1] Ar^m 1 HSr 

1. 5nm(0Al2Oxi^It/Co &V>"<\ JCffittHK 

■f 3 r. <b ft < ^frt^Mii^^At^ co <b 1 1 ^ o 
— ^*m^it^>r tl^J: 9 8^:/7X-^£:38££* % Ceo 
^X^X^SrflJfflUTA l2 0x£:A h0 3 -.^Kftt 
£ :: £ I- J; 9 h ^*/M*gJi 6 Sr^fc Cco<fc£ v A 1 

2 0x^bA I 2 03^««*^H»tt, ?V—1&W$ 

[0 0 5 2] »«^fe*fi«»S:#«Ufc«. -biSLfcco 

^^*SJB6 Ji^ff$ 1. SnmCO (CooFe) 
0.95B0. 5^feftS'3S«f4fl4S:j*IBtbfCo a 

A 12 OxJgSr^X^X-r^S-r^r ^t-J:«9 A I2O3 

V^U|*S«7Jb^. f$5nm(7)CoFeH^a 
^tt^5 s 1 7 nmCD I r 22 M n76 d^feft 5S3*» 

[0053] *z<D'&^ mft<D-7* h V yfr-rjfflSk 

~0. 2 5 MmXfc!? JLo^^L^HwcOSfgFtftS «t 
5 l:/^ -^y : <h la Zl F y-^^g^ 

l ^?#/c 0 

[0 0 5 4] #*d\ 3 oa^jfij t SSKttJB 5 
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mom 3 , 5 <omitjjft\*m ioooe nM^m^ 
mm\z ,t o xmt-rz r <t < » stains 4 ©e^t* 
ifeui^-guesm^^bT^-fk-r-s. c wadset 

^iSi^ 1 «-*5V »t\ %a.m{±-m h f*fiJgk$t 2 b 

<t asms* 4 (omitJifa t ^Bwcibs'a^fc* 

[0055] (JttKftD 4 fc 1 . 5 n 

mtf> (CoiFe) o. »s Bo. slBSSr^-f-5ftt>5 
3 nmCOC os F eJKSr^bfcr t ^tt±!E^iSM 
ARB Ufc® t mm<OJjmz «t ■> 0 2 tr;^-t-8£*tffflfi:£& 

[0056] iiEHSS^^gsM-e^Kbfc^ 
*^»JIU^l©.W3H6tatt: (TMR) fcP^fc. ft 
33, TMRIt 5teStS-fih^^«-g-2 bcDS^tO* 
/hffiSrRni n t Ui.o*;Mj£=£:Rn.ax <t TIB 

TMR (%) = [ (Rmax — Rmin) /Rmin] /100 

[00 5 7] B 8 H:» *»WO||jifflXt;H:K«ifc«5 
0 C K JSHttfi h >-^^gcro*§woig^: 1 /w (,z m 

- 1 ) sr^u m&ffikm&m 4 (Dmi&j 

<0\ZL&m*3MWi<omZll* (Oe) Sn^UTV^S,, * 
m»^lU:oV^Wb;Jxfc^— ^£^U 6 2 liit 

[00 5 8] 18 «t 5 fr5£W<omi&M\C&Z> 

aaUfietSb**^ 1 T-(4, h v*/H»£<B«>«W«r 0 . 

RlES-«r5«)fci5«ft«»<0»SH.tt4 OOeEITi 

[0059] ^hkmu &&m\z.&zm®m.mzkm 

=F 1 h >'*/M£&gB<E>*SW& 0 . 2 5 mgl t 

iffilro3*JH 0 (1100Oe^, l?ffl-h. StattJS 

[O0 6O1 413, jtMY t L-TBWftfc^tCS i , Z 
r, P, Mo, AK ^O^Nb^/B^fc^ i^ti-h* 
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